Objective: To compare nutritional status and physical growth among infants according to age at introduction of complementary food (CF). Design: A longitudinal observational study. Setting: Three health clinics in a rural area of Senegal. Subjects: During immunization sessions, 522 infants were recruited at 2±3 months. Complete data on three visits were available for 420 infants (4 visits: n 361); 73 were lost to follow-up and 29 had incomplete data. Main outcome measures: Increments in length and weight between adjacent visits. Results: Infants complemented at 2±3 months (n 50) had signi®cantly lower length-for-age (P 0.014), weight-for-length (P`0.001) and arm circumference (P`0.0001) at 2±3 months than predominantly breastfed infants (n 370), after adjustment for residence, mother's age and education of parents. The growth in weight and length from 2±3 to 9±10 months did not differ. The infants complemented by 4±5 months, but not yet at 2±3 months, (n 94) had a slightly lower length increment from 4±5 to 6±7 months (1.42 vs 1.53 cm/mo, p`0.05) compared to infants predominantly breastfed at 4±5 months (n 276). The infants ®rst complemented by 6±7 months (n 122) had increments from 6±7 to 9±10 months similar to those of predominantly breastfed infants (n 154).
Introduction
The duration for which exclusive breastfeeding is optimal for infant growth and health in developing countries has been subject to debate for many years (Waterlow et al, 1980; Underwood & Hofvander, 1982) . Currently, the World Health Organization (WHO) recommends exclusive breastfeeding during the ®rst 4±6 months of life (WHO, 1995) , while some authors consider that all infants should be exclusively breastfed for at least six months, especially in developing countries since earlier introduction of complementary food is associated with higher levels of morbidity, mainly diarrhea (Brown et al, 1989) .
Several observational studies have compared the growth of predominantly breastfed infants to the growth of partially breastfed infants. In poor urban areas of Sudan, mean weight was higher in predominantly breastfed infants by about 0.1±0.3 kg from 6±34 weeks of age (Zumrawi et al, 1987) . The total infancy weight increment was positively associated with introduction of complementary food at a later age, after adjustment for prevalence of illness, birth weight and income (P`0.01, Harrison et al, 1992) . In a township in the Gambia, partially breastfed infants had signi®cantly lower weight-for-age than predominantly breastfed infants from 4±9 months and part of this difference was due to reverse causality (lighter-weight infants were complemented earlier, from three months of age, Rowland, 1986) . There was some evidence for an adverse effect of very early complementation on weight gain from 1±3 months.
In a previous cross-sectional study, partially breastfed infants from a rural area in Senegal had lower mean lengthfor-age (at 2±3 months) and weight-for-length (from 2±10 months) than predominantly breastfed infants (Simondon & Simondon, 1995) . Therefore, complementary feeding may have had a negative impact on the growth of these infants, or mothers may introduce complementary food earlier in low-birth-weight or poorly growing infants. Women in fact reported feeding local infant food (millet gruel) preferentially to low-nutritional-status infants. To test whether early introduction of complementary food was a cause or a consequence of low nutritional status, a longitudinal study was conducted in the same area.
Subjects and methods
The study was conducted from 1992 to 1994 in the Niakhar study area in Central Senegal, which has been described in detail previously (Simondon & Simondon, 1995) . The infants were included into the study during immunization sessions at health clinics, and the ages at visits followed the schedule for immunization; namely 2±3, 4±5, 6±7 and 9±10 months.
Information on the consumption of breastmilk, other liquids and foods was collected through 24 h qualitative recalls. Two types of feeding patterns were considered: predominant breastfeeding (breastmilk and water) and partial breastfeeding (breastmilk, water and complementary food) according to the recommended de®nitions (WHO, 1991) . No exclusive breastfeeding is found in this area, and bottle-feeding is virtually unknown.
Routine anthropometric measurements were taken during all immunization sessions using standard techniques. The infants were weighed naked on Seca baby scales to the nearest 10 g; recumbent length was measured to the nearest mm using a Holtain infantometer. Left upper arm circumference was measured to the nearest 0.2 cm.
The Niakhar database provided information on precise birth dates, rank of birth and place of residence of the infant, emigration or death of the infant during the study period, and age, occupation and educational level of both parents. These data were available for both the infants who attended the immunization sessions and for those who did not.
Statistical analyses
Nutritional indices, length-for-age, weight-for-age and weight-for-length were calculated using exact birth dates and ANTHRO 1 (CDC/WHO). Increments were computed between the ®rst and second visit (from 2±3 to 4±5 months) and between the second and third visit (from 4±5 to 6±7 months) and standardized to exact monthly intervals. Increments were also computed between the third and fourth visit (from 6±7 to 9±10 months) for infants with anthropometric data at the fourth visit (n 361).
Infants were divided into four groups based on age at introduction of complementary food: those already complemented at the 2±3 months visit (very early, n 50), those complemented at the 4±5 months visit (early, n 94), those complemented at the 6±7 months visit (late, n 122) and those not yet complemented at 6±7 months (very late, n 154). First, nutritional status and growth increments were compared among these four groups by ANOVA, and thereafter each group of age of introduction was compared to groups with later introduction by contrast analysis. Adjustment for potentially confounding factors was performed using multiple linear regression analysis. All analyses were performed using BMDP statistical software.
Results
A total of 523 out of 610 residing infants attended the health clinics for the ®rst immunization at 2±3 months of age. The mothers of absent eligible infants were either travelling (n 46, 7.5%) or refused immunization of the infant (n 41, 6.7%). One child had incomplete measurements on the ®rst visit, and therefore 522 infants were included in the study. Among them, 420 had complete data for the three visits at 2±3, 4±5 and 6±7 months and were used in the present analysis, while 361 out of the 420 also had complete anthropometric data at the age of 9±10 months. The attrition rate was thus 19.5%. Reasons for exclusion from the analysis were incomplete data at followup visits (n 29) or absence at follow-up visits due to short journeys of mothers (n 60), refusal of the mothers to attend immunization sessions, (namely refusal to continue immunization, n 6), out-migration (n 2) or death of the infant (n 5). The infants excluded from the analysis differed from those used in the analysis in some aspects (Table 1) , but the prevalence of very early introduction of complementary food and mean nutritional status did not differ signi®cantly.
The distribution of background factors among the infants used in the analysis is given in Table 1 . Among the background factors, educated fathers and low maternal age were positively linked to very early introduction of complementary food (P`0.05).
The age at introduction of complementary food was signi®cantly linked with nutritional status, since mean weight-for-age (Figure 1) , weight-for-length (Figure 2 ) and arm circumference (Figure 3 ) differed globally among the four groups at all ages considered. The differences in mean length-for-age ( Figure 4) were not signi®-cant at any age. In terms of growth, there were no differences in weight increments among the four groups, but the length increments differed signi®cantly among groups from 4±5 to 6±7 months (P`0.05, Table 2 ).
The infants who had been complemented very early differed strikingly from the other three groups in terms of nutritional status. Compared to all the other infants, they had a lower nutritional status at the age of 2±3 months in terms of length-for-age (P`0.05), weight-for-age (P`0.001), weight-for-length (P`0.01) and arm circumference (P`0.0001). The association between nutritional status and complementary feeding at 2±3 months remained signi®cant after adjustment for socio-environmental factors. None of the weight and length increments of very early complemented infants differed signi®cantly from those of the other infants.
The nutritional status at 2±3 months did not differ between infants complemented early and those complemented late or very late, neither did nutritional status at older ages. The growth velocity of early complemented infants differed slightly from that of the other infants: from 4±5 to 6±7 months, their length increment was 1.1 mm lower per month (1.42 vs 1.53 cm/mo, P`0.05). This difference was not longer signi®cant using multiple regression analysis with adjustment for potential confounding factors.
Finally, the infants ®rst complemented by 6±7 months did not differ from those not yet complemented by 6±7 months, either in terms of nutritional status or growth.
Discussion
The results presented here add to previous knowledge concerning the relationship between age at introduction of complementary food and physical growth. Few data are available from poor rural areas with the high morbidity and mortality rates which characterize this West African agricultural community (Ronsmans, 1996) .
But several limitations should also be noted. Firstly, infants were recruited from dispensaries during immunization sessions, which were not attended by about 15% of the infants. However, there is no evidence that the prevalence of malnutrition, as measured by a low mid-upper-arm circumference, differs among children according to their vaccine status (M. Ndiaye, unpublished data). Secondly, complete data were not available on all included infants, since some were lost to follow-up and others had missing data. But since loss to follow-up was not linked to the feeding practices at the ®rst visit, it is unlikely to have biased the results of the study. Lastly, the classi®cation of infants into groups of age at introduction of complementary food was not very precise, since the 24 h recalls were performed on only four occasions during a 7 month period, and since visits were not done at precise ages, but over 2 monthly age intervals. However, the grouping (before 4 months, by 4±5 months, by 6±7 months and after 6±7 Figure 1 Mean weight-for-age by age at introduction of complementary food. One way ANOVA for comparisons among the four groups: **P`0.01, ***P`0.001. Figure 2 Mean weight-for-length by age at introduction of complementary food. One way ANOVA for comparisons among the four groups: *P`0.05, **P`0.01. months) was simple and relevant to the current debate on the optimal age at introduction of complementary food. One important result of the study was that the infants complemented very early had a signi®cantly lower nutritional status than the other infants from the age of 2±3 months in terms of length-for-age and weight-for-length. It was not possible to conclude whether the very early complementation was a cause or a consequence of the low nutritional status of the infants at 2±3 months, since their nutritional status prior to complementation was not known (no data are available on birth weight or birth length in this area). However, it seems unlikely that the substantial nutritional differences observed could be explained merely by a negative impact of very early complementary feeding on growth, namely mothers probably more often introduce complementary food very early when the infant has a low nutritional status.
Special attention was given to loss to follow-up of veryearly-complemented infants, since it has been shown that partially breastfed infants are at higher risk of dying compared to predominantly breastfed infants in Brazil (Victora et al, 1987) , and since a selective loss of veryearly-complemented infants might have biased results in impact on growth. However, only a small proportion of loss to follow-up was due to mortality (4.9%), and the prevalence of mortality did not differ between infants partially and predominantly breastfed at 2±3 months (1/67 vs 4/455, P b 0.10, Fischer' exact test).
Overall, the prevalence of very early complementation was low compared to many other areas in Africa (WHO, 1981; Dimond & Ashworth, 1987; Cornu et al, 1993) , but it was higher among infants of young and educated parents. This negative impact of education on feeding practices is a matter of concern, since educational levels are rapidly increasing in the area.
Apart from the very-early-complemented infants, nutritional status prior to introduction of complementary food did not appear to be a determinant of age at introduction of complementary food, since those complemented early, late and very late had similar length-for-age and weight-forlength at 2±3 months. This result is different from those of other studies: in urban Gambia, signi®cantly more lowweight infants received complementary food than other infants from three months of age (Rowland, 1986) . *P`0.05 for differences among all four feeding groups by one-way ANOVA.
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The introduction of complementary food by 4±5 months did not modify nutritional status signi®cantly, compared to later introduction, but the length increment from 4±5 and 6±7 months was 1.1 mm lower for the early complemented infants. This difference was small, and since it arose from an observational study, rather than from a randomized trial, a causal relationship with complementary feeding cannot be ascertained. However, the groups compared here had similar nutritional status prior to introduction of complementary food and differed only slightly in other aspects, suggesting that the relationship may be causal. If this lower length increment is indeed due to a negative impact of complementary feeding, it might be explained by increased morbidity of complemented infants, especially from diarrhea. However, there is little evidence that increased prevalences of diarrhea of partially breastfed infants aged 4±6 months have negative impact on growth (Lutter, 1992) . If complementary food, which is of low nutritional value in this setting, replaced breastmilk, as has been shown in Honduras (Cohen et al, 1994) , linear growth might also be depressed by lack of energy or nutrients. However, the difference in linear growth between groups was minor and of little practical importance compared to the total length de®cit in this age group.
Conclusions
Complementation by 2±3 months was strongly associated with a low nutritional status, both in terms of recumbent length and weight-for-length. Although the direction of causality cannot be elucidated in the absence of birth weight, a low nutritional status during the ®rst months of life is probably a risk factor for very early introduction of complementary food in this setting. The introduction of complementary food after the age of 2±3 months and before the age of 4±5 months was associated with a slightly slower linear growth compared to later introduction, while the introduction of complementary food after 6± 7 months was not associated with slower growth compared to introduction between the ages of 4±5 months and 6±7 months. Thus, the growth data presented here provide no support for recommending introduction of complementary food at 4±5 months rather than at 6 months in this poor rural setting.
